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For a study of the processes and mechanisms of pulmo-
nary structural remodeling in fibrotic lungs and meta-
plastic squamous epithelial cells in fibrotic alveoli, im-
munohistochemical, ultrastructural, and light-micro-
scopic morphometric observations were made of the
lungs in acute and proliferative stages of diffuse alveo-
lar damage (n = 40) obtained from biopsies and autop-
sies. Morphometry showed that intraalveolar fibrosis
developed in the early proliferative stage and was more
prominent than interstitial fibrosis. In the early prolif-
erative stage, activated myofibroblasts migrated into
intraalveolar spaces through gaps in the epithelial base-
ment membrane. They then attached to the luminal
side of epithelial basement membrane and produced
intraalveolar fibrosis and coalescence of alveolar walls.
This intraalveolar fibrosis was the essential factor in

the remodeled lungs. Albumin, fibrinogen, immuno-
globulins, and surfactant apoprotein were present
throughout the hyaline membrane. Fibronectin was
not found in hyaline membrane of the lesions in early
acute stage but was demonstrated in later stages in
outer layers of hyaline membranes and in the areas of
intraalveolar fibrosis. Fibronectin may be responsible
for the migration and proliferation of myofibroblasts
in intraalveolar spaces. Metaplastic single-layered and
stratified squamous epithelial cells were keratin-posi-
tive and surfactant apoprotein-negative. These mata-
plastic epithelial cells were frequently found in the al-
veoli with minimal Type Il epithelial cell proliferation
and in the grossly scarred alveoli. (Am J Pathol 1987,
126:171-182)

A MORPHOLOGIC characteristic of fibrotic lung
disorders is the remodeled pulmonary structure with
deposits of fibrous tissue in the lung. The remodeled
fibrotic alveolar walls are frequently lined by in-
creased numbers of Type II alveolar epithelial cells
and cuboidal and squamous metaplastic cells.!-3
There are two types of changes in fibrotic lung dis-
orders: interstitial and intraalveolar fibrosis.2*3 In ex-
perimental paraquat-treated lungs® intraalveolar fi-
brosis is more important than interstitial fibrosis in
the remodeling of the pulmonary structure, because
intraalveolar fibrosis results in obliteration of alveoli,
coalescence of alveolar walls, and loss of functional
alveolar - capillary units. On the other hand, it is not
easy to study the early and intermediary processes of
pulmonary structural remodeling in patients with fi-
brotic lung disorders, because of the inability to per-
form serial lung biopsies in a single patient and the
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difficulties in obtaining samples of the early stages of
lung fibrosis.

Diffuse alveolar damage (DAD) is the usual under-
lying abnormality in patients with the adult respira-
tory distress syndrome (ARDS), and it is known that a
fibrotic change occurs in the early stages of the dis-
ease.” To examine the importance of intraalveolar
fibrosis in the process of pulmonary structural remod-
eling in human fibrotic lungs and to analyze the
mechanisms in the formation of intraalveolar fibrosis
and metaplastic epithelium in alveoli, we studied lung
specimens obtained from autopsies and biopsies of
acute and proliferative stages of clinically diagnosed
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ARDS by electron microscopy, immunohistoche-
mistry, and light-microscopic morphometry.

Materials and Methods

Lung tissues from 3 biopsies and 37 autopsies of
cases of DAD with clinical diagnosis of ARDS and 3
control cases were investigated. The lung tissues were
obtained from patients who had a history of severe
dyspnea of from 1 to 40 days. All patients were treated
by artificial ventilator and a high concentration of
oxygen. The underlying diseases of ARDS were mas-
sive hemorrhages (4 cases), burn (7 cases), rupture of
the alimentary tract (3 cases), pancreatic necrosis (2
cases), liver disease (2 cases), chronic renal failure (2
cases), cerebral apoplexy (2 cases), emphysema (1
case), paraquat toxicity (1 case), formaldehyde toxic-
ity (1 case), and malignant tumor (14 cases). In 7 cases
sepsis had occurred during the clinical course. Seven
patients with malignant tumor had foci of bacterial
infection. Eight patients with malignant tumor were
treated with antineoplastic drugs. All biopsy speci-
mens were obtained at the time of the operation for
pneumothorax caused by the artificial ventilator.
Control lung tissues were obtained from normal areas
of lungs surgically removed for cancer.

Histologic Evaluation

The lungs of autopsy cases were fixed by immer-
sion, via the airways, with 15% formalin solution. The
lungs of biopsy cases were fixed immediately by per-
fusion, with 15% formalin solution. Selected blocks of
tissues were embedded in paraffin. Histologic sections
of paraffin-embedded tissues were stained with he-
matoxylin and eosin (H&E), Masson trichrome, elas-
tica van Gieson (EVG), elastica Masson trichrome,
and periodic acid - methenamine silver (PAM).

Immunofluorescence Methods for Detection of IgG,
IgM, IgA, Albumin, and C3

Unfixed tissue blocks of 15 cases of DAD and 3
control cases were frozen in dry ice —acetone and were
stored at —70 C. Frozen sections were cut at a thick-
ness of 4 u and air-dried. These sections were then
incubated for 30 minutes at room temperature with
normal goat serum at a dilution of 1:20 in phos-
phate-buffered saline (PBS). The sections were
washed with PBS and incubated for 30 minutes at
room temperature with an appropriate dilution of the
following: rabbit anti-human IgG, IgM, IgA, or C3
antibodies (Cappel Laboratories). After washing three
times with PBS, the sections were incubated for 30
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minutes at room temperature with fluorescein isoth-
iocyanate-labeled goat anti-rabbit IgG (Cappel Labo-
ratories) at 1:20 dilution, washed three times with
PBS, coverslipped in buffered glycerol, and observed
under a fluorescence microscope.

Immunoperoxidase Methods for Detection of
Fibronectin, Fibrinogen, Keratin, and Pulmonary
Surfactant Apoprotein

Paraffin-embedded tissue sections were cut at a
thickness of 3 u and mounted on precleaned glass
slides without adhesives. Deparaffinized, rehydrated
tissue sections were washed three times with PBS and
treated with 0.3% hydrogen peroxide in methanol for
30 minutes for elimination of endogenous peroxidase
activity. After three washes with PBS, the tissue sec-
tions were treated with 0.1% protease, Type VII
(Sigma Chemical Co.) in 0.1 M phosphate buffer, for
10 minutes for unmasking the antigenic sites. Then
the sections were washed three times with PBS and
incubated for 30 minutes at room temperature with
normal swine or goat serum at a dilution of 1:20 in
PBS for blocking nonspecific antibody reactions. For
the detection of fibronectin, this step was omitted
because the fibronectin in normal serum might cause
false-positive reactions.® The sections were then incu-
bated for 30 minutes at room temperature either with
rabbit anti-human fibronectin antibody (DAKO,
Denmark) at a dilution of 1:400, rabbit anti-human
fibrinogen antibody (DAKO, Denmark) at a dilution
of 1 : 40, or rabbit anti-human epidermal keratin anti-
body (DAKO, Denmark) at a dilution of 1:160 or
mouse monoclonal antibody against human pulmo-
nary surfactant apoprotein (PE 10) (provided by Drs.
Kuroki and Akino) at a dilution of 1 : 500.

The specificity of antifibronectin antibody was
confirmed by immunoelectrophoresis, in which anti-
fibronectin antibody formed a single precipitation
band with both plasma and purified fibronectin from
plasma obtained from a gelatin-Sepharose 4B col-
umn.’ No band was formed with plasma components
from which fibronectin had been removed. The speci-
ficity of the antibody PE 10 was confirmed by West-
ern blotting. !0

After washing three times with PBS for 15 minutes,
the tissue sections were incubated for 30 minutes at
room temperature with peroxidase-labeled swine
anti-rabbit IgG antibody (DAKO, Denmark) at a di-
lution of 1: 60 or peroxidase-labeled goat anti-mouse
IgG antibody (Fab) (Medical Biological Laboratory,
Japan) at a dilution of 1:45 and washed three times
with PBS for 15 minutes. The sections were then
reacted with a solution of 3,3’-diaminobenzidine
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(DAB) and hydrogen peroxide for 2-7 minutes,!!
washed with water, counterstained with Mayer’s he-
matoxylin, dehydrated, and mounted.

Transmission Electron Microscopic Study

For the transmission electron microscopic study,
tissues fixed by perfusion with formaldehyde were cut
into 1-mm cubes, washed in several changes of 0.1 M
phosphate buffer, pH 7.2, and fixed with 2% glutaral-
dehydein 0.1 M phosphate buffer. Tissue blocks from
biopsy cases and some autopsy cases were fixed im-
mediately after removal with 2% glutaraldehyde solu-
tion. Tissue blocks were washed with several changes
of phosphate buffer and postfixed with 1% OsO, in
phosphate buffer, dehydrated, and embedded in
Epon 812. For direct correlation, semithin sections
were cut and stained with alkaline toluidine blue and
observed with a light microsope. Ultrathin sections
were stained either with uranyl acetate and lead ci-
trate or, for evaluation of elastic fibers, with tannic
acid'? and examined with a Hitachi H800 electron
microscope.

Light-Microscopic Morphometric Study

For light-microscopic morphometry, 2 control
cases and 15 DAD cases were used to clarify each of
the tissue areas of interstitium of alveolar walls and
intraalveolar fibrosis. Ten random areas of alveoli of
PAM-stained slides of each case were studied at a
magnification of X50, by a Carl Zeiss Micro-video
MAT II computerized image analyzer (West Ger-
many). The interstitial areas of alveolar walls and the
areas of intraalveolar fibrosis were measured and re-
corded as a percentage of the total area. The vascular
lumens were not measured. The intraalveolar fibrosis
interstitium area ratio of each case was calculated.

Although the PAM stain is useful in detecting the
epithelial basement membrane and helps in defining
the border of the original intraalveolar spaces and
alveolar walls,'3? in the cases of the remodeled stage, it
is difficult to distinguish intraalveolar fibrosis from
interstitial fibrosis; therefore, the total tissue areas in-
cluding interstitium and intraalveolar fibrosis were
measured. The areas of hyaline membrane were not
measured in this study.

Results

By light-microscopic study, the lesions were di-
vided into three stages: acute (14 cases), early prolifer-
ative (22 cases), and remodeled (4 cases). The detailed
findings of lungs in control cases and each stage of the
lesions were as follows.
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Control Cases

Light-microscopic study of lungs in control cases
showed thin alveolar walls and a few intraalveolar
macrophages. Immunohistochemical studies showed
fibronectin mainly in the basal layer of endothelial
cells of alveolar walls and bronchi. Fibrinogen, IgG,
IgM, IgA, and albumin were observed only in the
intravascular plasma. C3 was not detected. Keratin
was found in the basal cells of bronchi, bronchial
glands, and mesothelial cells. Alveolar epithelial cells
were negative for keratin. Pulmonary surfactant apo-
protein was found in the cytoplasm of Type Il alveolar
epithelial cells and the cuboidal cells, which were lo-
cated between the ciliated cells at the peripheral por-
tions of bronchioles. Transmission electron-micro-
scopic study showed a normal arrangement of
alveolar and bronchial epithelial cells, vessels, and
interstitial connective tissue components.

Acute Stage

Light-microscopic study of the acute stage showed
alveolar edema and hyaline membrane formation.
Hyaline membranes were formed mainly in alveolar
ducts but in some cases were found diffusely on al-
veolar walls. The results of the immunohistochemical
study of hyaline membrane in this and following
stages are summarized in Table 1. IgG (Figure 1) and
fibrinogen (Figure 2) were strongly and diffusely posi-
tive in hyaline membrane. IgA, IgM, and albumin
were only weakly positive in the hyaline membrane.
C3 was negative or trace-positive in hyaline mem-
brane. Pulmonary surfactant apoprotein was detected
in Type II alveolar epithelial cells and some areas of
hyaline membranes (Figure 3). Fibronectin was de-
tected mainly on the surfaces of hyaline membrane
and on some alveolar surfaces in addition to the basal
layer of endothelial cells (Figure 4), although it was
not detected in early lesions of this stage. Keratin was
found in basal cells of the bronchial epithelia, bron-

Table 1 —Immunohistochemical Findings of Hyaline Membranes
in Each Stage of DAD

Acute stage Early

_— proliferative Remodeled

Early Late stage stage
Albumin + + + +
IgG + + + +
IgM + + + +
IgA + + + +
c3 - - - -
Fibronectin - +* +* +*
Fibrinogen + + + +
Surfactant +&— +8&— +&— +&—

*Outer layers of hyaline membranes are positive.
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Figure 1— Acute stage. Fluorescence micrograph showing intense IgG staining in hyaline membrane. (Immunofiuorescence, X150) Figure 2— Acute
stage. Fibrinogen staining is demonstrated in hyaline membrane. (Immunoperoxidase. X350) Figure 3— Acute stage. Surfactant apoprotein staining
frequently detected in hyaline membrane, as shown in this figure. (Immunoperoxidase, X350) Figure 4 — Acute stage. Fibronectin staining predominantly
found on the surfaces of hyaline membrane. (Immunoperoxidase, X300)  Figure 5— Acute stage. Epithelial basement membrane partially covered with
Type Il epithelial cells. The remaining portion of epithelial basement membrane (arrowheads) has been denuded and partially covered with hyaline membrane.
Alveolar wall shows denuded capillary basement membrane, fibrin thrombus (F) in capillary, and extravasation of erythrocytes. (X 3700)

chial glands, and mesothelial cells. Some Type Il al-  Occasionally, activated Type Il alveolar epithelial
veolar epithelial cells were weakly positive for keratin.  cells were found beneath the hyaline membrane (Fig-

The electron-microscopic study showed diffuse al-  ure 5). The hyaline membrane showed fine granular
veolar epithelial cell damage and a widely denuded  and filamentous structures associated with strands of
epithelial basement membrane of the alveolar walls. fibrin and cellular debris. Occasional fibrin thrombi

Figure 6 — Early proliferative stage. Many activated interstitial cells in alveolar walls are seen. Hyaline membrane is occasionally found (arrowheads). (H&E,
X300) Figure 7 —Early proliferative stage. Diffuse intraalveolar fibrosis (asterisks) are clearly found in PAM-stained tissue. Arrowheads show PAM-posi-
tive epithelial basement membranes, which make a borderline between intraalveolar fibrosis and alveolar wall. (PAM, X 150) Figure 8 — Early proliferative
stage. Fibronectin staining predominantly found on the surfaces of hyaline membrane (asterisks) and areas of intraalveolar fibrosis. (Immunoperoxidase,
X300) Figure 9—Early proliferative stage. Regenerating epithelial cells covering intraalveolar fibrosis (IF) show strongly positive staining for keratin.
(Immunoperoxidase, X250)  Figure 10— Early proliferative stage. Epithelial cells having cytoplasmic hyaline show positive keratin staining in their cyto-
plasms. (Immunoperoxidase, X450)  Figure 11— Early proliferative stage. Epithelial cells having cytoplasmic hyaline (arrowheads) show negative surfac-
tant apoprotein stainings. Type Il alveolar epithelial cells are heavily positive. (Immunoperoxidase, X450) Figure 12— Early proliferative stage. Epithelial
basement membrane is widely denuded (arrowheads), and two activated myofibroblasts are seen in edematous alveolar wall. (X5400)
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of the alveolar capillaries were found associated with
endothelial cell swelling, detachment from the endo-
thelial basement membrane, and neutrophil infiltra-
tion.

Early Proliferative Stage

Light-microscopic study showed alveolar wall
thickening associated with edema and interstitial cell
proliferation, which have large nuclei and nucleoli
(Figure 6). Hyaline membrane formations associated
with intraalveolar fibrosis were found. Intraalveolar
fibrosis was easily observed in the slides with PAM
stain. Three types of intraalveolar fibrosis were recog-
nized as follows: 1) intraalveolar “buds,” which were
connected to the alveolar walls by a narrow stalk and
partially filled the air spaces; 2) diffuse intraalveolar
fibrosis, which obstructed completely the alveolar
spaces (Figure 7); and 3) broad-based areas of apposi-
tion of the fibrosis mass to the alveolar walls, usually
located underneath the hyaline membrane (2 and 3
were frequently found, compared with 1). The alveo-
lar spaces were varied in size and obliterated. Cuboi-
dal and focal stratified squamous epithelial meta-
plasia was recognized on alveolar walls, and
single-layered and stratified squamous metaplasia
was recognized frequently in the areas associated with
intraalveolar fibrosis. In some cases (3 of 22 cases of
early proliferative stage), alcoholic hyaline-like mate-
rials were found in the cytoplasm of cuboidal or sin-
gle-layered squamous epithelial cells of alveoli asso-
ciated with squamous metaplastic epithelium. These
cells frequently protruded into the intraalveolar
spaces with thin cytoplasm.

Immunohistochemistry showed IgG to be strongly
positive in hyaline membrane and IgM, IgA, and al-
bumin to be weakly positive, similar to the situation
in the acute stage. Fibrinogen was located in the hya-
line membrane and fibrin strands in some intraalveo-
lar spaces and intravascular spaces. Fibronectin was
found more predominantly on the outer zones of
hyaline membrane, compared with the previous stage
and in the areas of intraalveolar fibrosis (Figure 8).
Keratin was positive in the single-layered and strati-
fied squamous and cuboidal epithelium of alveoli in
addition to basal cells of bronchial epithelium, bron-
chial glands, and mesothelium. Type II alveolar epi-
thelial cells were increased and weakly positive to
anti-keratin antibody. Most of the newly regenerated
metaplastic epithelium covering intraalveolar buds
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were strongly keratin-positive (Figure 9), but pulmo-
nary surfactant apoproteins were negative. Pulmo-
nary surfactant apoprotein was strongly positive in
granular materials and hyaline membranes in intraal-
veolar spaces and associated with Type II alveolar
epithelial cells and cuboidal cells. The cells having
cytoplasmic hyaline showed a positive reaction for
antikeratin antibody in their cytoplasm surrounding
the hyaline materials (Figure 10), but pulmonary sur-
factant apoprotein was always negative in these cells.
(Figure 11).

The electron-microscopic study showed activated
myofibroblasts in the alveolar interstitium (Figure 12)
and some intraalveolar spaces (Figure 13). They had
well-developed rough endoplasmic reticulum and
large nuclei and nucleoli. Myofibroblasts that had
migrated into the intraalveolar spaces had perpendic-
ularly arranged actinlike filaments in their cytoplas-
mic processes that were aligned in a colinear fashion
with extracellular filaments (fibronectin) on the cellu-
lar surfaces and attached to the luminal side of epithe-
lial basement membrane or fibrin (Figure 14). There
were some newly formed collagen fibrils in intraal-
veolar spaces associated with myofibroblasts. Elastic
fibers were not found in intraalveolar spaces in this
stage. Occasionally, some myofibroblasts were seen
migrating into the intraalveolar spaces, passing
through the gaps of the epithelial basement mem-
brane (Figure 15). The epithelium surrounding the
intraalveolar fibrosis frequently showed single-layer
or stratified squamous epithelium, which had well-de-
veloped desmosomes. In some cases, cytoplasmic
hyaline material surrounded with well-developed
bundles of intermediate filaments was found in the
cytoplasm of cuboidal and single-layer squamous epi-
thelial cells of the alveoli.

Remodeled Stage

Light-microscopic study showed lesions of fibrotic
and obliterated alveoli. Alveolar walls showed irregu-
larity in thickness and were covered by single-layer
and stratified squamous and cuboidal epithelium, as-
sociated with irregular dilatation and narrowing of
alveolar spaces. EVG and elastica Masson trichrome
stains showed that fibrotic lesions consisted of obliter-
ations of alveoli resulting from intraalveolar fibrosis
(Figure 16). Other less fibrotic alveoli, in some cases,
showed superimposed newly formed hyaline mem-
branes and the early organization of intraalveolar ex-

Figure 13—Early proliferative stage. Myofibroblast within intraalveolar space attaches to the luminal side of denuded epithelial basement membrane.

(X9300)

Figure 14 —High magnification of the area from Figure 13 showing the fine extracellular filaments (arrowheads) between the cytoplasmic
processes of myofibroblasts and the luminal side of epithelial basement membrane. (X28,000)

Figure 15 — Early proliferative stage. A myofibroblast is

passing through the gap (arrowheads) of epithelial basement membrane into the intraalveolar space (X9100)
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Figure 16 — Remodeled stage. The area of severe intraalveolar fibrosis is shown. Some cuboidal epithelial cells form a few small alveolar spaces (asterisks).

(EVG, X200)
alveolar wall. Asterisk shows intraalveolar space. (X 3000)

Figure 17 —Remodeled stage. Wavy fragmented epithelial basement membrane (arrowheads) is embedded in the newly formed fibrotic
Figure 18 — High magnification of the area from Figure 17. Wavy fragmented epithelial basement

membrane embedded in fibrotic tissue is attached to a myofibroblast. (X12,000)

udates. Immunohistochemistry showed that IgG,
IgA, IgM, and albumin were positive in the areas of
the hyaline membrane similar to that seen in the pre-
vious stages. Fibrinogen was found in the areas of
hyaline membrane, and it demonstrated clearly the
hyaline membrane embedded in the areas of fibrotic
lesions. Fibronectin was seen predominantly in the
areas of intraalveolar fibrosis. The stroma of remod-
eled thick alveolar walls which were covered with me-
taplastic squamous epithelium was frequently stained
well with anti-fibronectin antibody. The basal sur-
faces of some squamous epithelia were linearly
stained with anti-fibronectin antibody. Keratin was
detected predominantly in the metaplastic squamous
and cuboidal epithelium in addition to the basal cells
of bronchus, bronchial glands, and mesothelium. Pul-
monary surfactant apoprotein was heavily positive in
increased Type II alveolar epithelial cells, the in-
creased cuboidal cells of bronchioli, and granular ma-
terials and some hyaline membranes in intraalveolar
spaces.

Electron-microscopic study showed that wavy,

fragmented epithelial basement membranes were
embedded in the newly formed fibrotic alveolar walls
(Figure 17). These embedded epithelial basement
membranes in fibrotic tissue were attached to the
elongated myofibroblasts (Figure 18). The epithelial
cells covering the fibrotic alveolar walls consisted of
Type Il and Type I alveolar epithelial cells and single-
layer and stratified squamous epithelium.

Light-Microscopic Morphometry

The results of light-microscopic morphometry are
shown in Figure 19. The areas of interstitium of al-
veolar walls were about 10% in the acute stage, and
only gradually increased in later stages. On the other
hand, intraalveolar fibroses were first found 7 days
after the onset of clinical ARDS, and the areas of
intraalveolar fibrosis were dramatically increased in
the later stages. An intraalveolar fibrosis-interstitium
area ratio of 3 was reached after 15 days of illness, but
was approximately 1 in later stages.
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Figure 19— Changes in percentages of areas of interstitium of alveolar walls (white column), and areas of intraalveolar fibrosis (dotted column). Each column
shows an individual case. Open circles show aratio of intraalveolar fibrosis to interstitium area for each case. The areas of interstitium were gradually increased
inlater stages. The areas of intraalveolar fibrosis were dramatically increased after 10 days of iliness. A ratio of intraalveolar fibrosis to interstitium area of 3 was
reached after 15 days of illness, but was approximately 1 in later stages. After 35 days, total tissue areas (shaded column), including interstitium and
intraalveolar fibrosis, were measured because of the difficulty at distinguishing the areas.

Discussion

These observations confirm previous reports on the
morphology of lungs in DAD.”!4-25 This study also
show, the importance of intraalveolar fibrosis in the
process of pulmonary structural remodeling, in addi-
tion to fibrotic changes of lungs, in DAD. These find-
ings also stress the importance of fibronectin in the
process of intraalveolar organization. Finally, the
characteristics of the metaplastic squamous epithelial
cells in alveoli of lungs with DAD were demonstrated.

Pulmonary Structural Remodeling in DAD

The lungs with fibrosis resulting from DAD showed
remodeled structures consisting of irregularly obliter-
ated alveoli with varied-sized air spaces. They were
similar to bronchopulmonary dysplasia resulting
from idiopathic respiratory distress syndrome (IRDS)
of newborn infants.2® Although it has been reported
that the fibrosis due to DAD is not only interstitial,
but also intraalveolar,>7-?* the predominance of in-
traalveolar fibrosis in DAD and the role of intraalveo-
lar fibrosis in the process of pulmonary structural

remodeling have not been described. The predomi-
nance of intraalveolar fibrosis in DAD, compared
with interstitial fibrosis, was shown by morphometric
analysis in this study. The extensive and detailed mor-
phometric analyses of the alveolar walls of lungs of
patients with DAD!721:23 and oxygen-treated experi-
mental animals?’?® have been reported. In this study,
we measured the tissue areas of organized intraalveo-
lar areas in addition to the interstitium of alveolar
walls in PAM-stained slides. In this study, the areas of
interstitium of alveolar walls were increased in the
acute stage, but they were edematous, not fibrotic.
The percentage of the areas of interstitium were not
significantly different in any of the cases. On the other
hand, intraalveolar fibroses were formed rapidly in
the early proliferative stage and became prominent in
later stages. It is interpreted that the decrease in the
ratio of intraalveolar fibrosis to interstitium area may
be due to the shrinkage of the intraalveolar fibrosis. It
is clear that the changes in intraalveolar fibrosis is
more prominent in DAD, compared with interstitial
fibrosis in this study.

The pulmonary lesions in DAD have two stages:
acute and proliferative.!* In this study the prolifera-
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tive stage was divided into an early proliferative stage
and a remodeled stage for the purpose of clarifying the
process of the pulmonary structural remodeling. The
process of the intraalveolar fibrosis in DAD is as fol-
lows: 1) epithelial cell damage, denudation, and gap
formation of epithelial basement membrane; 2) acti-
vation and migration of myofibroblasts into intraal-
veolar spaces through the gap of epithelial basement
membrane; 3) attachment of migrated myofibro-
blasts to the luminal side of the epithelial basement
membrane; and 4) production of extracellular ele-
ments of connective tissue within the intraalveolar
spaces. So the alveolar spaces are partially or com-
pletely obliterated, and the apposed alveolar walls of
the collapsed alveoli undergo fusion or coalescence.
This was similar to the experimental study of mon-
keys with paraquat intoxication,® although in the ex-
perimental study of monkeys, migrating cells were
fibroblastic and later changed to myofibroblasts or
smooth muscle cells in the intraalveolar spaces. It was
confirmed that intraalveolar fibrosis was essential in
remodeling the lungs in human cases of DAD.

It has been reported that three patterns of intraal-
veolar fibrosis— 1) intraluminal buds, 2) obliteration
of alveoli, and 3) mural incorporated lesions to alveo-
lar walls, are frequently found in various types of fi-
brotic lung disorders.'? In DAD, Patterns 2 and 3 were
frequently found. It is interpreted that epithelial cell
damage is very severe in DAD. The variations of in-
traalveolar fibrosis may result from the correlation of
the invaded and proliferated interstitial cells in in-
traalveolar spaces and the regenerating epithelial lin-
ing cells. The activation, migration and proliferation
of these interstitial cells and the regeneration of epi-
thelial cells in alveoli might depend on the various
chemotactic and growth factors released by activated
macrophages and other inflammatory cells.?

The Definition of Deposition of Several Kinds of
Plasma Proteins and Pulmonary Surfactant
Apoprotein in Intraalveolar Spaces Including
Hyaline Membrane

In the acute stage of DAD, severe proteinaceous
edema and hyaline membrane formation are found.
It has been suggested that the plasma protein in in-
traalveolar spaces results from the increased perme-
ability of alveolar wall vessels due to the alveolar wall
damage.3%3! In this study, albumin, surfactant apo-
protein, fibrinogen, and immunoglobulins, especially
IgG, are frequently found in the areas of hyaline
membrane by immunohistochemistry. On the other
hand, complements were usually not detected in al-
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veoli in lungs with DAD. The specific antibody activ-
ity against normal lung tissues was not detected in the
supernatant fluid after centrifugation of homogenates
of lung tissues of some cases of DAD (Ishizaki and
Fukuda, unpublished data). It is speculated that the
immunoglobulins in hyaline membrane are the non-
specific accumulation from plasma.

The pattern of distribution of fibronectin in in-
traalveolar spaces was different from the previously
mentioned plasma proteins in this study. In the acute
stage, fibronectin was detected scantily on the sur-
faces of the hyaline membrane. In later stages, fibro-
nectin was predominantly found on the surfaces of
hyaline membranes and the areas of intraalveolar fi-
brosis.

Alveolar macrophages from fibrotic lung disorders
produce increased amounts of fibronectin.3? Fibro-
nectin acts not only as a chemotactic factor* but also
as a growth factor for fibroblasts,> and it facilitates
fibroblast attachment to connective tissue compo-
nents.? It is speculated that at least some part of fi-
bronectin of intraalveolar spaces in the acute stage of
DAD may be produced by alveolar macrophages in
situ and is added, later, to the hyaline membrane.
Fibronectin may be responsible for the recruitment
and migration of the myofibroblasts into intraalveo-
lar spaces and proliferation in intraalveolar spaces. In
fact, myofibroblasts did not penetrate into hyaline
membranes themselves, but covered them.

The surfactant apoprotein was predominantly
found in intraalveolar spaces as granular material and
in the hyaline membranes in DAD. It was confirmed
that the hyaline membranes included surfactant apo-
protein and exuded plasma protein in the cases of
DAD. The cases having much accumulation of pul-
monary surfactant apoprotein in the intraalveolar
spaces usually showed marked increases of Type II
alveolar epithelial cells, which were stained heavily in
their cytoplasm by the DAB reaction for surfactant
apoprotein. Autopsy cases of IRDS in premature
babies showed no or only trace amounts of surfactant
apoprotein in hyaline membranes and intraalveolar
spaces.¢ This is in contrast to the finding in cases of
DAD in this study, which have been diagnosed clini-
cally as ARDS. The main cause of IRDS in premature
babies is considered to be a deficiency of surfac-
tant.3”-38 [RDS in premature babies has been treated
with artificial surfactants with satisfactory results.?® It
is speculated that the large amount of surfactant in
intraalveolar spaces of lungs in ARDS is ineffective in
improving respiratory failure, because the damage of
alveolar walls, especially in vessels, may be most se-
vere in ARDS, compared with IRDS in premature
babies.
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Characteristics of the Metaplastic Squamous
Epithelial Cells in Alveoli in Lungs of DAD

The morphologic characteristics of regenerating
epithelial cells in alveoli in the early proliferative and
remodeled stages are metaplastic single-layer and
stratified squamous epithelial cells in addition to
Type II alveolar epithelial cells. Metaplastic squa-
mous epithelium was frequently found in the areas of
severe intraalveolar fibrosis, especially single-layer
metaplastic squamous epithelium, which covered
widely the intraalveolar fibrosis. It has been suggested
that the severe epithelial cell damage and lesser regen-
eration of Type Il cells after the alveolar wall damage
may be one of the factors that produce the intraalveo-
lar fibrosis,® and metaplastic squamous epithelium
later covers these lesions.

The origin of the squamous metaplastic epithelial
cells in alveoli is controversial. Both metaplastic sin-
gle-layer and stratified squamous epithelial cells in
fibrotic alveoli were surfactant apoprotein-negative
and heavily keratin-positive. The staining patterns of
surfactant apoprotein and keratin in control lungs in
this study were similar to those in previous re-
ports.*%#! One possible mechanism is that these meta-
plastic epithelia originate from the bronchial basal
cells.

Alveolar epithelial cells having cytoplasmic hyaline
were first described in patients exposed to asbestos.*?
Katzenstein and Askin’ described this cytoplasmic
hyaline in alveolar epithelial cells in patients with
DAD. Warnock et al*3 have reported that cytoplasmic
hyaline is not specific for asbestosis but is a nonspe-
cific reaction to injury and have speculated that these
cells having cytoplasmic hyaline probably originate
from Type II alveolar epithelial cells, because of the
occasional ultrastructural findings of similar cells
containing Type II cell lamellar inclusions but lacking
hyaline. We suspect that cells having cytoplasmic
hyaline are regressing cells originating from the sin-
gle-layered squamous metaplastic cells in alveoli.
This is supported by data which show that they do not
always have any surfactant apoprotein and lamellated
inclusions in their cytoplasm and are located with
stratified and single-layer squamous epithelial cells.
They also frequently protrude into the intraalveolar
spaces and attach only with thin cytoplasmic pro-
cesses to other epithelial cells or to the epithelial base-
ment membrane. :

In conclusion, intraalveolar fibrosis appears to be
an essential factor in the remodeling of lungs in pa-
tients with DAD. Intraalveolar fibrosis might be im-
portant in the formation of the remodeled lungs not
only in DAD but also in various other fibrotic lung
disorders.
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